The physiology of the thyroid gland has become of increasing interest to us because of the observations made by Graham3 and the confirmation by others that the feeding of dried thyroid gland or the injection of thyroxine would dramatically increase the milk yield and fat secretion of many dairy cows.
whose bodily conformation, egg-laying ability, and temperament indicate that they might differ considerably in thyroxine secretion. This paper is the first to present data on the rate of secretion of thyroxine with advancing age in male White Leghorn chickens using the method suggested by the study of Mixner, Reineke, and Turner8 in which thiouracil was employed to block the secretion of the thyroid glands and thyroxine was administered at varying levels in an attempt to equal the normal production. The weight of the thyroid glands is used as a measure of the equilibrium between thyrotrophic hormone production and thyroxine.
Experimental methods White Leghorn cockerels varying in age by 2-week periods up to 12 weeks served as experimental animals. The chicks were fed a basal ration like that used by Irwin, Reineke, and Turner. 4 The experimental periods always lasted 2 weeks. Each age group was divided into six equal subgroups which received the following treatment; 1, basal ration alone; 2, basal ration + 0.1 per cent thiouracil,* 3 to 6, basal ration + 0.1 per cent thiouracil as feed and d, 1 -thyroxinet administered subcutaneously in increasing amounts. The solution of thyroxine was prepared so that 0.1 ml. contained the daily dosage.
The chicks of all age groups were kept in a basement animal-room with limited diffused daylight. The temperature was controlled within the limits of 82°to 870 F. by thermostat. The younger chicks were also furnished supplemental heat as required by normal management. Electric lights were kept on from 7:30 A. M. to 9:00 P. M. The earliest age group 0-2 weeks was started in March and the 12-week-old group finished in June.
Experimental results
Norml thyroid weight of growing White Leghorn cockerels: In the absence of data upon the rate of secretion of the thyroid gland, it has been of interest to determine the relation of increasing body weight and thyroid weight with age. Data on a number of mammalian species indicate that thyroid weight does not increase as rapidly as body weight but rather from the 0.7 to 0.9 power of body weight. Thus in the guinea-pig, Mixner, Bergman, and Turner7 reported that the b exponent in the relative growth equation for the male was 0.73 and for the female was 0.83. In the New Zealand White rabbit the thyroid weights of the two sexes were grouped together with an exponent of 0.88 resulting (Kibler, Bergman, and Turner5) .
The present data on White Leghorn cockerels were studied similarly. The equation representing this relationship is Y (thyroid weight) = 0.258 X 0.804 (body weight with increasing age) 200 covering the period from 2 to 12 weeks of age (Fig. 1 In an experiment covering 8 weeks, varying amounts of thiouracil were added to the ration. In one case 0.1 per cent was fed for the first 4 weeks and 0.2 per cent was fed for the last 4 weeks. The average thyroid weight of the birds indicated again no advantage of more than 0.1 and 0.2 per cent of thiouracil in the ration even over an extended period. This work does indicate that there is progressive increase in the size of theithyroid gland per 100 gm. of body weight with continued thiouracil feeding beyond two weeks. However, as the difference in thyroid weight per 100 gm. of body weight of the chicks fed thiouracil in comparison to the normals was rather wide, the advantage of the 2-week test period was thought to offset any advantage which would come with greater size of thyroid in this breed.
Rate of thyroxine secretion in normal, growing chickens: The technic employed to determine the average rate of thyroxine secretion of growing White Leghorn cockerels consisted in feeding 0.1 per cent thiouracil to inhibit the secretion of thyroxine of the thyroid gland. The average thyroid weight per 100 gm. of body weight of such birds showed a marked increase in comparison to the normal thyroid. Then, increasing amounts of d, 1 -thyroxine were injected into other groups of chicks fed 0.1 per cent thiouracil. The added thyroxine, inhibiting the secretion of the thyrotrophic hormone, caused the thyroids to return to normal weight or below, the decrease being proportional to the size of the thyroxine dosage. By plotting these data (Fig. 2 ) the normal secretion rate was considered to be the point at which the descending line of the thyroid weight with increased thyroxine injection crossed the line of normal thyroid weight.
As would be expected, the average daily thyroxine secretion per chick increased with increasing age and body weight ( (table 2) . It should be noted that the decrease in thyroxine secretion per 100 gm. of body weight occurred with determinations made on the 2-week-old group in March and with the oldest group, 12-week-old ending in June. The other determinations were made at progressive ages during this interval.
Discussion
The discovery that chemical compounds related to thiourea have the property of preventing the secretion of thyroxine by the epithelial cells of the thyroid gland provides a new tool for endocrine investigation without drastic surgical intervention. The present study is the first to explore the usefulness of thiouracil in the development The possible influence of season aside from environmental temperature is recognized but more experimental work must be conducted before the various factors involved in seasonal rhythms can be evaluated in domestic fowls.
of technics suitable for the measurement of normal thyroxine secretion in growing animals. The domestic chicken has been selected because of the ease of obtaining large numbers, the availability of standard rations and equipment and, especially, the presence of differences in type, conformation, growth rate, and egg production in the various breeds which have been thought to be due, in part, to differences in thyroid activity.
The method used to measure thyroxine secretion by the thyroid gland of the growing chicks appears to have real possibilities with increasing experience in its use. A number of factors which may influence the results are yet to be explored. For example, the influence of the frequency of thyroxine injection must be determined. Possibly more frequent administration during the 24-hour period would more nearly approach physiological conditions. The influence of light, temperature, humidity, seasonal rhythms, etc. must be studied. Unpublished data of Reineke and Turner indicate that there may be a seasonal variation in the responsiveness of the thyroid glands of 2-week-old chicks to thiouracil. Larger thyroid glands were obtained in the fall and winter than during the spring. This occurred in spite of the maintenance of relatively uniform environmental temperature.
The relation of the nutritive condition of the animal to thyroxine secretion is another phase of the work which offers promising possibilities for study.
Our experience indicates that the general well-being and appetite of mammals and birds being fed thiouracil and thiourea is of great importance in relation to the weight which the thyroid gland attains. This only further confirms the observations of Mulinos and Pomerantz' and of Stephens"2 in regard to the sensitivity to the nutritive state of the anterior pituitary in the secretion of thyrotrophic hormone.
In estimating the actual thyroxine secretion of the thyroid gland it should be recognized that only 1-thyroxine is produced by the gland. The comparison of 1-and d,l-thyroxine in our laboratory (Reineke and Turner), using chicks as experimental animals, indicates that the d,1-form is only one-half as active physiologically as is the 1-form. Thus, the amounts of thyroxine indicated in this study where the d,1-form was used are twice the natural secretion of 1 -thyroxine by the thyroid gland.
The dose relation between the increase in thyroid weight and the increase in thyroxine secretion with increasing body weight with age is of great interest. If further study confirms this observation in birds, the weight of the thyroid gland would become of increasing significance as a measure of thyroid physiology. Seasonal variation in the thyroid size of pigeons (Riddle and Fisher11) and of fowls (Galpin2) has been described. In both species the thyroid weights declined during the summer months. In mammals the storage of colloid, during periods of low thyroid activity (summer) would probably unfavorably influence the relationship.
Comparison of the carcasses of normal chicks with those fed thiouracil alone indicates that the feeding of this material for a period as short as two weeks causes an appreciable increase in body fat and an improvement in the general condition of the bird. In the experiments where thiouracil was fed for 8 weeks, the body conformation had been altered to a considerable extent. The long bones were shorter and a more compact body was produced. Much subcutaneous and visceral fat was present.
While the White Leghorn is normally a breed with fast-growing feathers, the inhibition of the thyroid glands caused a marked reduction in the rate of feather growth. This observation in connection with the converse, that the feeding of thyroprotein (Irwin, Reineke, and Turner4) stimulated the rate of feather growth in the Plymouth Rock points to the important influence of thyroxine upon the growth of feathers.
Summary
Determination of the number of micrograms of d, 1 -thyroxine necessary to restore the thiouracil-induced enlargement of the thyroids of White Leghorn cockerels to normal size for groups varying from two weeks of age to 12 weeks of age was made.
For the 2-week-old group 1.95 micrograms per chick daily were required; for the 4-week-old group 3.83 micrograms; for the 6-week-old group 7.55 micrograms; for the 7-week-old group 1 1.35 micrograms; for the 9-week-old group 14.4 micrograms; for the 12-week-old group 16.5 micrograms.
These amounts are assumed to approximate the rate of thyroxine secretion in groups of these ages in terms of d,1-thyroxine.
Over the time interval in which these determinations were made and under the conditions of the experiment, there is a decreasing rate of thyroxine secretion per 100 grams of body weight. This relationship can be expressed by the equation Y (d,l-thyroxine) = 0.055 X0 85 (body weight, with increasing age from 2 weeks to 12 weeks).
It was generally apparent that the chicks receiving 0.1 per cent of thiouracil in their feed for two weeks showed more body fat than other chicks on the same ration but receiving no thiouracil. This seems to indicate that the inhibition of thyroxine secretion for two weeks by thiouracil accelerates the fattening process.
